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future indebtedness before the depression hit us, our minds 
should be somewhat relieved. The only difference is that now 
it is a national debt, where before it was local governmental 
and private debts. Someone says, “ Yes, true, but why should 
I be concerned with private debts ?” You are certainly con­
cerned in the stocks, bonds, and bank deposits on which you 
are unable to realize. Any excess in spending private bor­
rowed capital has to a large extent the same effect upon our 
whole financial structure as if it were the spending of public 
funds. As a whole, we are reducing the sum total of our public 
and private debts. Local bonded indebtedness is decreasing 
at a satisfactory rate. The reduction in the local govern­
mental and private debts is counteracting the increased na­
tional debt.
SHOULD PREPARE FOR THE ERA AHEAD
We know from all past history that a prosperous era is 
ahead. Every indication points to this depression as having 
passed its worst and to our being well on our way to recovery. 
Let us hope that not only our own nation but all the world 
will profit by the experience of the past decade, because our 
troubles during the past four years are largely the result of 
things that preceded them. We should prepare for a return 
of normal times, as we know that they must return. If there 
is too great a delay in preparing, prosperity may find us as 
unprepared as we found ourselves unprepared for the depres­
sion. We should go forward with any necessary projects, 
whether they be public or private and whether or not they 
are financed by a government loan. It is probable that after 
we have fully passed the present crisis and can intelligently 
look back upon all the causes and remedies for the depression, 
it will be recognized that the financing of the public works 
program was the one real material thing that started the re­
covery on its way. Even the knowing with certainty that a 
large sum of money was to be expended for labor and miscel­
laneous materials of every description would naturally have 
the effect of stimulating business even before the funds were 
expended.
SUBGRADE DRAINAGE AND TREATMENT
By F. H. Eno, Professor of Highway Engineering, 
Ohio State University, Columbus, Ohio
It is said that during a technical talk given by a particu­
larly experienced highway engineer the question was asked, 
“ What is the most important phase of road construction ?” 
His answer was, “ Drainage.” The question came back im-
mediately, “ What is the next most important phase ?” The 
speaker answered more emphatically, “ D ra in age.”  Once more 
the tenacious seeker after wisdom asked, “ Well, after drainage, 
what?” The speaker more emphatically than ever thundered, 
“ DRAINAGE!”
Few highway engineers fully realize how important a good 
knowledge of subgrade soils is when the question of roadbed 
drainage arises. They know that drainage is very important, 
but how to obtain it is a problem.
Not until within the last ten years have engineers solved 
the puzzle of the numerous characteristic pavement failures 
so often found just below hill and knoll crests. Within the 
same time has the real cause of excessive frost heave beneath 
pavements been discovered. The very conditions that cause 
the upheaval also cause the excessive mushiness beneath the 
pavements during the spring thaws.
Another source of water attack upon the subgrade is still 
largely overlooked— namely, the fact that in all glacial-covered 
regions the soils have been laid down intermittently with 
sands and gravels, thus providing unseen channels for seepage 
water to be carried beneath the road and then by capillarity 
brought immediately in contact with the subgrade. (Fig. 1.)
Practically all of Minnesota, Wisconsin, Michigan, and 
Indiana, and large portions of Ohio, Illinois, and Iowa have 
been overrun by glaciers in the past. Therefore, engineers 
should always be watching for glacial drift in these sections 
and be ready to meet changeable drainage conditions.
Fig1. 1. Road failure from imperfect soil drainage. Section D, Route 3, Ohio. Soil 
survey by the U. S. Bureau of Public Roads, made 8 ^  miles south of Mt. Vernon, Ohio.
CHARACTER OF NATURAL DRAINAGE
It is not within the province of your speaker to discuss 
surface drainage, but to talk about subsurface waters. Na­
ture has ways of ultimately draining all areas that have any 
appreciable slope to the surface. Soils obtain the water in 
them by three methods: percolation, capillarity, and hygro- 
scopicity. The hygroscopic power of a soil varies with the 
chemical and mineral content as well as with the microscopic 
size of the soil grains. As a general thing the amount of 
hygroscopic water taken up by a soil is small and its considera­
tion may be dismissed at this point.
The amount of capillary water held by any given soil will 
depend upon the fineness or coarseness of the soil grains, the 
distance the particular location is from a constant water 
source, and its exposure to wind and weather— or the rate 
and extent of evaporation. The rates and effects of capillarity 
will be discussed later.
Percolating water is all the water taken into a soil and 
flowing through the soil because of gravitation. The amount 
varies greatly and is governed by the amount and rate at 
which the water is applied to the surface, by the porosity of 
the soil, and by the slope of the surface. The finer the grains 
of a soil are, the slower will be the percolation, until the pores 
become capillary tubes so small that capillarity becomes more 
powerful than gravity.
In mountainous regions where granitic soils prevail, the 
open character of the soils provides natural drainage with 
little aid from the engineer except in case of the surface water 
during heavy precipitation.
It is in the central valleys where clay soils predominate 
that the resources of the engineer are tested to their limits. 
Nevertheless, nature has exerted herself to provide drainage 
even under these conditions. Percolating waters have leached 
out soluble chemicals, carrying them deeper into the earth and 
leaving small channels ever enlarging for drainage. Insects, 
worms, roots, and the expansion from ice have all united in 
increasing the natural drainage channels.
However, nature's provisions for drainage bring trouble 
to the engineer in rolling and hilly country because the water 
percolates into the top soil on the uplands and ridges, pene­
trates to an impervious layer of clay, then follows this down 
the slope until it is brought to the surface a short distance 
down the hill, where it softens the subgrade soil beneath the 
road, causing the failures so often seen at these mid-hill loca­
tions. (Fig. 2.) It is just above these places that the engineer 
must provide for drainage entirely across the roadway in order 
to save road destruction. Side drainage will not always pre­
vent this trouble, for percolation may reach to greater depths 
before it is driven down the hill by impervious clay. In that
Fig. 2. Broken concrete, Route 42, Morrow County, Ohio. 
Caused by poorly drained subgrade.
case, it seeps in all directions, passing beneath the side drains 
and in this manner shows up beneath the road where the 
roadbed cuts across the impervious layer of soil.
The early method of drainage depended almost entirely 
upon side ditches. These were seldom deep enough to cut off 
seepage from passing beneath them to the roadbed; hence the 
great number of broken roads upon the slopes below hill crests.
Where side tile is used for hilltop drainage, the engineer 
should carefully watch for the place where this side tile cuts 
into the impervious subsoil, and construct two or three sets 
of herring-bone tile lines connecting the center lines of his 
subgrade with the side drainage. Much good has been done in 
the past by constructing open stone drains or French drains 
from the sides of the pavement to the side drainage system at 
twenty-five or thirty-foot or even fifty-foot intervals over the 
hill crests. These have removed the excess water beneath the 
pavement in time to prevent serious trouble.
During the excavation of the subgrade and side ditches 
and the hauling in of paving material, the natural drainage 
channels in the soil over the whole road right-of-way are 
largely destroyed and the subsoil more or less compressed, so 
that percolation is much retarded and capillarity much in­
creased in intensity; therefore, unless artificial drainage is 
provided sufficiently deep to lower the ground water table con­
siderably, the subgrade may become softer than it was previ­
ously, because of the increased capillary action and the im­
peded percolation.
DITCHES
Much of the drainage in the past has concerned itself 
mainly with surface drainage, leaving subsoil drainage to take
care of itself, with the consequent failure of the subgrade in 
many situations. The method was to grade down ditches on 
both sides of the road, many times with very insufficient 
grades toward any outlet. The ditches might be anywhere 
from 18 inches to 8 or 10 feet in depth, depending upon the 
topography, with steep banks and many times with narrow 
shoulders along the road, making a serious menace to traffic. 
After construction, the ditches would be left to maintain them­
selves— banks would slip in, and weeds and willows would 
choke the ditches; instead of drains they would become res­
ervoirs to hold water adjacent to the road shoulders— a source 
of constant supply for both seepage and capillarity to carry 
water to the subgrade. (Fig. 3.)
Fig. 3. A reservoir of water along the road instead of a drainage ditch.
Ditch drainage has failed in several ways:
1. Because the friction factor for water flowing in the 
ditch is much larger than for that flowing in smooth conduits, 
it takes much larger channels in ditches than in pipes to carry 
the same quantity of water. Ditches become weed-grown, and 
the resistance to the flow of water is largely increased. Cav­
ing banks form actual dams across the ditch, forcing the water 
onto the road shoulders and pavements.
2. Quite frequently at crossroad points, water from two 
or more ditches must collect at the intersection. In time of 
heavy storms this permits flooding of the intersection, which 
may cause erosion of the shoulders or even a complete wash­
out of the roadbed. Mud washed upon the pavement at these 
points may cause serious traffic accidents.
3. Under ordinary conditions ditches are not made deep 
enough to uncover the glacial-laid tongues and strata of sand 
and gravel which may bring water beneath a road and cause 
damage.
4. Ditches with their abrupt banks form a constant peril 
to traffic, which may be crowded off the paved way, or skid 
off, or be thrown by blown tires or broken steering gear. In 
some counties in northwestern Ohio, there are ditches along 
the roads that are 8 and 10 feet deep. These have taken a sad 
toll of life and property.
RAINFALL AND RUN-OFF
In designing underground drainage channels the engineer 
must know the local rainfall and run-off values. The run-off 
will form the large volume for which he must design, but he 
must not omit to consider the question of percolating water, 
for storm follows storm at irregular, but often at very close, 
intervals, so that a maximum of seepage from one storm may 
be occurring at the same time as the maximum run-off from a 
succeeding storm is just arriving. The soil forms a reservoir, 
holding much percolating water, for, while storm water 
usually runs off over the surface rather rapidly, percolating 
water moves through the earth very slowly.
The more intense the rainfall, the larger will be the per­
centage of rainfall that runs off over the surface, while the 
less intense the rainfall, the greater will be the percentage 
entering the earth as percolating water.
A rainfall of one-quarter or even of a half inch evenly dis­
tributed over 24 hours may all be taken into the soil as per­
colating water, while the same amount falling in 10 or 15 
minutes may largely run off over the surface.
Percolation data has not been largely obtained. However, 
for reasonably approximate estimates, rainfall minus run-off 
gives sufficiently close data for service. Minor storage of 
rainfall occurs in the surface inequalities, in fallen leaves in 
the forests, and among grasses and vegetation; but in any 
considerable storm, this storage is soon accomplished and the 
remainder of the rainfall runs off. Another reduction of per­
colating water is made by evaporation, which is going on con­
stantly, and by transpiration through the root and leaf system 
of vegetation.
Rainfall and run-off differ greatly in different parts of the 
United States.
Run-off depends upon intensity of rainfall, topography, 
porosity of soil, vegetation, wind, etc.
Rainfall varies from 100 to 120 inches per year in the 
extreme northwestern coasts of the United States; 50 to 70 
inches on the southeastern coasts, and from 0 to 10 inches in 
the southwestern deserts.
Through the middle western and north central states, the 
annual rainfall varies from 25 to 55 inches, averaging about 
35 to 40 inches.
Probably the best information obtainable about daily and 
total storm rainfall and storm intensities for the north central 
states may be found in “ Storm Rainfall of the Eastern U. S.,” 
Technical R eports , P a rt 5, of the Miami Conservancy District, 
pages 85 to 106, 113 to 117, and 277 to 310; in Meyer's E le­
m ents o f  H yd ro log y ; in C. S. Jarvis' paper in the Trans­
actions o f  the A m erican  S ociety  o f  Civil E n g in eers, Vol. 95, 
1931, page 379; and in Pickel's D rainage and F lood  C ontrol 
E n gin eerin g , pages 37 to 45. The Miami Conservancy Dis­
trict's “ Two Degree Quadrangle Rainfall Maps" show at a 
glance a large mass of rainfall data collected from the U. S. 
Weather Bureau reports and made available in this simple and 
concise form.
Valuable information about run-off and soil absorption 
may be found in the Miami Conservancy District's “ Rainfall 
and Run-off in the Miami Valley," Technical R eport, P a rt 8, 
pages 40 to 54, 66 to 84, 98 to 116, and 210 to 214; and also 
in Pickel's D rainage and F lood  C ontrol E n g in eerin g , pages 76 
to 83.
TILE SUBDRAINAGE
Most of the soils when dry and in their natural beds will 
sustain any reasonable load imposed upon them through stand­
ard pavements. The problem is to bring the subgrade soil to 
dryness and maintain it in that condition.
The ordinary side ditch will not do this, for it will not 
lower the water table sufficiently to reduce capillary water in 
the subgrade. In order to secure complete drainage, tile or 
concrete conduits should be laid along each side of the road 
to such depth as- will lower the water table to at least four 
feet below the subgrade. This will not accomplish safety in 
the northern tier of states because frost' penetrates so deeply 
there, but south of that it will save a large part of the trouble 
at least. The character of soil and the soil grain-size will 
affect the amount of safety secured when the water table is as 
close as four feet to the subgrade surface.
The location for the tile should be beneath the ditch line, 
for this leaves the shoulder of the road undisturbed and places 
the conduit line where the least amount of excavation has to 
be made. It also brings the conduit immediately beside or 
near where surface inlets from the ditch should be constructed.
A shallow side ditch on both sides of the road is necessary 
to collect the surface water and lead it directly to the inlets 
to the underground conduits.
Subdrainage provides relief from the flooding of roadways 
at intersections. With ditches it is seldom possible to remove 
the flood flow immediately, before it reaches road intersec­
tions. With subdrains, however, large inlets may be con­
structed some distance back of the intersection and the water 
taken into the underdrain system, relieving the area around 
the intersecting roads from flood water and consequent ero­
sion, mud, and traffic danger.
Subdrainage will not remove capillary water except as it 
lowers the water table. The fact that subdrainage can be more 
readily and safely placed deeper than ditch drains provides a 
method for lowering water tables and by that method saving 
some troubles that arise from capillary water in the subgrade 
soil.
CAPILLARITY
The rate of capillary action in a soil varies with the size 
of the capillary channels; it is rapid in coarse-grained soils 
and decreases very rapidly as the grain size decreases. While 
the rate is rapid in coarse-grained soils, the height to which 
water will rise is very limited; on the other hand, in fine­
grained soils the rate of movement is slow but the height to 
which it will eventually rise is much extended.
Theoretically, if all the particles of a soil are 0.3 mm. 
in diameter, water should rise about 18 inches above the water 
table level; if the particles are 0.05 mm. in diameter, water 
should rise 109 inches; and for clay particles 0.004 mm. in 
diameter, water should rise 114 feet above the water table 
level. As a matter of fact, friction intervenes and greatly 
reduces the total height to which water can be drawn by 
capillary action in any given soil.
The U. S. Bureau of Soils classifies particles of soil from
0.1 to 0.25 mm. in diameter as fine sand, from 0.25 to 0.50 mm. 
in diameter as sand, and from 0.50 to 1.0 mm. in diameter as 
coarse sand. Silt is defined as soil particles from 0.05 to 0.005 
mm. in diameter. Clay is defined as all soil with particles 
below 0.005 mm. in diameter. Thus the soil grain-sizes used 
in the preceding calculations are for a medium sand, the upper 
limit of silt, and a clay particle somewhat finer than the lower 
limit of silt.
The viscosity and adhesive properties of water acting with 
the extreme friction in small channels so greatly retards the 
movement of water in fine capillaries that it may take days, 
even weeks, for water to move through a foot of some fine­
grained clay soils. This slow movement, plus evaporation and 
the rise and fall of the water table, limits the range in most 
heavy soils through which capillarity can create serious 
trouble.
If, then, subdrainage can be placed so as to lower the ex­
isting water table by three or four feet, much of the danger 
from capillary water has been relieved.
Most soils when containing less moisture than that in­
dicated by their lower plastic limit, as shown by the Atter-
berg tests, are sufficiently stable to support all normal traffic 
loads brought upon them through properly constructed pave­
ments. The capillary moisture held by any soil is usually 
about one-half more than the lower plastic limit, so that soils 
saturated to their capillary limit are in a condition to be 
dangerous. There are two occasions when this condition brings 
serious results to highway pavements.
In freezing weather, with some fine silty-clay soils, where 
the rate of freezing and the movement of water in the capil­
laries appear to correlate, freezing seems to withdraw the 
water from the larger capillaries and to freeze it into lenti­
cular masses of fr e e  ice, which continue to grow as more water 
is attracted until the excess supply of water through the capil­
laries has been exhausted, or until the rate of freezing in­
creases beyond the rate at which the water is supplied. Then 
the soil and water are frozen as they stand until the correla­
tion is again established at which the free layers of ice will 
be again formed. (Fig. 4.)
Fig. 4. Frozen soil from the subgrade of a concrete street in St. Petersburg. 
Minnesota. Clear ice lenses alternating with frozen soil. (Kindness 
of Professor Lang, University of Minnesota.)
It is quite evident, therefore, that when this situat 
arises, the pavement may be raised many times as much as it 
would normally be raised if the soil with the water it held 
was frozen without additional water entering. In fact, in 
northern Michigan, Wisconsin, and Minnesota there may be 
two feet or more of heaving by this method. Of course, this 
is sufficient displacement to cause serious failure in the pave­
ments.
This is not all. When spring comes and thawing sets in,
all this excess water interlaid with soil forms a slush so un­
stable that the pavement has no support and is quickly pounded 
to small pieces by the traffic. In the opinion of the speaker, 
these two processes occasion the largest destructive action to 
pavements in northern Ohio.
If, therefore, subdrainage saves much of this trouble, it 
has paid its way. There are other advantages, however:
1. The subgrade is strengthened by the thorough removal 
of the water.
2. The drains intercept seepage water from the sides and 
thus maintain a dry subgrade.
3. Subdrainage lowers the water table and maintains it 
at a lower level throughout the year.
4. It prevents, or at least reduces, the amount of frost 
heave— depending upon the depth to which it main­
tains the water table level.
5. It practically removes all danger to traffic from side 
ditches. Seldom does skidding or tire blowouts cause 
serious damage where berms and right-of-way embank­
ments are gradually sloped to a shallow drainage ditch.
6. The improved appearance to both roadway and abutting 
property may well be considered as adding value to the 
property.
7. It increases economy in highway maintenance:
(a) It removes practically all the work heretofore re­
quired to maintain ditch banks.
(b) It permits reduced slopes from the road shoulders 
and on the outside ditch banks, so that grass and 
weeds may be cut by machine instead of by hand.
(c) It removes any necessity for guard rails except 
along heavy fills and thus reduces first cost and 
maintenance in this important field.
Taken all in all, it is believed that subdrainage is dis­
tinctly a definite economy over the old method of open ditch 
drainage.
SAVING OLD CONSTRUCTION
On old roads where there is evidence of excess moisture 
in the spring (Fig. 5), much good may be accomplished by 
constructing a system of herring-bone drains, either of tile 
or open stone, or French drains, running from the edge of the 
pavement to the side drainage. These drains should be placed 
as low as side drainage will permit, and at 25- or 30-foot 
intervals. These are especially beneficial over hilltops and 
rolling ground.
SUBGRADE TREATMENTS
An attempt has been made in Ohio to determine, by ex­
perimental trial directly upon the highways themselves,
Fig. 5. Alligator hide on bituminous topped macadam road— caused by poor 
subgrade drainage. Clermont County, Ohio.
whether subgrades upon unstable soils can be stabilized by 
chemical and oil treatments or by thin subbase courses of 
various materials.
Certain chemicals flocculate the fine particles in soil, thus 
tending to permit percolating water a freer exit to drainage. 
At the same time the agglomerated masses resist deformation 
much more than before flocculation.
Fig. 6. Shrinkage of Soils.
Top figures =  soil number.
Middle figures =  shrinkage in volume.
Lower figures =  lower liquid limit.
Note— Soil No. 380 has a volume shrinkage of 57.6% or a lineal shrinkage of more
Other chemicals deflocculate soils in water, separate grains 
into their integral parts, thus reducing pore-size and increas­
ing capillary intensity; this causes the soil to maintain a more 
constant moisture content and reduces the volumetric changes. 
(Fig. 6.)
Other chemicals lower the temperature at which the soil 
will freeze and thus reduce the probability of frost heave.
Bituminous materials and heavy oils applied as admix­
tures furnish more cohesion to soils, thus giving greater 
stability.
Porous subbases should affect the pavement in several 
ways. Their value may be stated as follows:
They furnish additional depth of stable material beneath 
the pavement to transmit and distribute the traffic load over 
a greater surface of the subsoil; they form additional insula­
tion against the transmission of heat and cold to the subgrade 
soil; they form a reservoir for extra water which inequalities 
in the subbase will not permit to be completely drained away 
and which in freezing weather may cause some damage; they 
offer space for any expansion that may take place when such 
water does freeze; they support green concrete away from the 
subgrade soil and prevent the soil from pulling water from the 
green concrete, as would otherwise occur because of the higher 
capillary power of the soil over that of the concrete. Con­
crete, when properly proportioned, will ordinarily have enough 
capillarity to hold sufficient water to complete its setting and 
hardening; but soils, being so much finer-grained than the 
concrete, have greater capillarity and will therefore rob the 
concrete of its required water.
Based upon the analyses stated above, your speaker started 
a long series of experimental treatments, beginning in 1924 
and added to from time to time up until the summer of 1931. 
Surveys of the experimental sections have been made each 
year to observe what is occurring.
The materials used thus far are:
1. Chem icals— Sodium chloride, calcium chloride, calcium 
hydrate, sodium carbonate, and sodium silicate.
2. B itum ens and Oils— Cold tar, crude oil, used crank-case 
oil, kerosene, and Tarvia D.
3. A d m ixtu res— Lime, cement, sand, stone dust, and 
granulated slag.
4. P orous Subbase— Sand, slag, gravel, broken stone, and 
cinders.
They were used under three types of roads: concrete, 
macadam, and traffic-bound roads.
There has not been sufficient evidence secured upon the last 
two types of roads to warrant any statements at this time. It 
is believed from the evidence thus far secured that there is
hope for success for some treatments beneath macadam, black 
top, and traffic-bound roads. The discussion at this time will 
be limited to facts gathered from experiments beneath con­
crete roads.
RESULTS FROM CONCRETE ROADS
Eight different locations were chosen for experimental 
tests upon the subbase soils of concrete roads. One hundred 
different sections, varying from one hundred to four hundred 
feet in length, were treated, aggregating 22,892 feet in lengt h. 
To check the results of these experiments, untreated sections 
of the same road adjacent to, and in many cases intervening 
between, the test sections, were set apart to be observed the 
same as the experimental sections. There were 38 sections 
of the untreated subgrades, totaling 16,392 feet in length.
The roads have been in service from 2 to 9 years. Traffic 
varies considerably between the different roads, although all 
of them are main traffic highways, three of them belonging 
to the U. S. system. The heaviest traffic is that over State 
Highway No. 14 from Cleveland to Salem and points upon the 
river and to Pittsburgh. No traffic counts upon these roads 
have been made.
Under the same conditions of soil, drainage, traffic, and 
weather, the road longest in service should yield evidence of 
the greatest weight. The fact that these roads lie from the 
southern to the extreme northwestern portions of the State, 
upon different kinds of soil and under different volumes of 
traffic, will more or less influence the weight to be given to the 
data from each location. And yet there is evidence that seems 
to show that soil and weather conditions at the time of con­
struction may have more influence upon the pavement than 
the other variables mentioned.
One of the locations, the last one constructed, has not been 
built long enough to furnish any evidence and will therefore 
not be discussed here.
U. S. ROUTE 50 NORTH— MARIETTA-ATHENS ROAD
The first experimental location was upon U. S. 50 N., 
located from about 3 miles to 4 miles west of Marietta, Ohio, 
on the Marietta-Athens road. This road was built in the fall 
of 1924 and is a 16-foot concrete, with no center-line joint, 
and no cross joints except at the end of the day's work. It is 
built upon a heavy red-clay soil, and since it lies along the 
foot of the hills, is quite well drained— naturally.
Granulated slag, Ohio River sand, Ohio River gravel, and 
cement mixed with the subgrade soil were the materials used. 
The slag, sand, and gravel were used as porous subbases and 
were laid in depths of 2, 4, and 6 inches. The cement was
added to pulverized subgrade soil and thoroughly mixed by 
using a disc harrow. The weather was very dry during Octo­
ber, 1924, so that when the surface of the subgrade soil was 
graded off, it was quite thoroughly pulverized, which aided in 
securing a good cement-soil mixture. The cement-clay mix­
ture was also laid in 2, 4, and 6-inch layers.
There were 19 sections of treated subbase varying in length 
from 51 to 203 feet, and 6 sections of untreated base varying 
from 59 to 1,186 feet in length, located at each end of the 
three locations chosen for this work.
The question of how to compare results obtained was 
studied for some time. Because there were no cross joints 
constructed, it seemed that a comparison of the length of 
crack per running foot of pavement would furnish the best 
gauge of benefit secured. This has been used in the entire 
work on concrete to date.
The best results upon the untreated sections were upon 
a hilltop section of 108 feet having but 50 feet of crack, or a 
ratio of crack length to road length of 0.463. The next best 
section was 99.5 feet of 6-inch depth slag with a crack ratio 
of 0.534. The worst section was 201.7 feet of 4-inch depth of 
cement-clay mixture having a crack ratio of 2.167. A 6-inch 
section of gravel was almost exactly the same as the cement- 
clay. The worst untreated section had a crack ratio of 1.965.
The cement-clay admixture appeared during construction 
to be in all respects almost exactly like the subgrade soil itself. 
The amount of cement used per square yard was 7.2 lbs. for 
the 2-inch layer, 14.4 lbs. for the 4-inch layer, and 21.6 lbs. 
for the 6-inch layer.
In order not to be tiresome only the best and the average 









2" Slag................................................ 193.5 138 0.716 43.5
4" S lag............................................... *201 160 0.865 52.5
6" Slag................................................ 99.5 53 0.534 32.4
Total Slag......................................... 478 351 0.734 44.5
2" Gravel........................................... 200.5 185 0.922 56.0
4" Gravel........................................... 201.5 273 1.355 82.2
6" Gravel........................................... 103.5 224 2.164 131.4
Total Gravel..................................... 505.5 682 1.349 81.9
2" Sand............................................... 504.5 627 1.243 75.5
4" Sand............................................... 374.1 520 1.390 84.4
6" Sand............................................... 406.5 489 1.203 73.0
Total Sand........................................ 1,285.1 1,636 1.273 77.3
2" Cem.-Clay.................................... 200 213 1.065 64.7
4" Cem.-Clay.................................... 201.7 437 2.167 131.5
6" Cem.-Clay.................................... 100.5 95 0.945 57.4
Total Cem.-Clay.............................. 502.2 745 1.683 102.2
*16 feet over bridge omitted.
S t a n d i n g  o f  D i f f e r e n t  T r e a t m e n t s
6" Slag................................................ 99.5 53 0.534 32.4
All Slag.............................................. 478 351 0.734 44.5
All Slag, Gravel, and Sand............ 2,268.6 2 05 C5 CO 1.177 71.7
All Treatments................................ 2,770.8 3 ;,414 1.232 74.8
All Sand............................................. 1,285.1 1,636 1.273 77.3
All Gravel......................................... 505.5 682 1.349 81.9
All Untreated................................... 2,087 3 ;,436 1.647 100.0
All Cem.-Clay.................................. 502.2 745 1.683 102.2
This shows that, omitting the cement-clay admixture be­
cause of its likeness to the clay itself, all the other materials 
show a crack ratio of 1.177 as against a crack ratio of 1.647 
for all the untreated sections; or putting it in another way, 
these materials have only 71.7 per cent as many cracks upon 
them as are shown by the adjacent untreated sections. All 
the slag sections have but 44.5 per cent; all the sand only 77.3 
per cent; while the cement-clay admixture has 102.2 per cent 
as many cracks as the untreated portion.
STATE HIGHWAY NO. 32— MARYSVILLE-BELLEFONTAINE ROAD
The second site selected was upon State Route No. 32 about 
4 miles west of Marysville. This was in a slightly rolling 
country upon a sticky, heavy, yellow-clay soil. It was built 
in September, 1925, in a very wet season. The soil was satu­
rated with water and any admixtures attempted were but 
poorly accomplished. Stone and gravel were used for the 
porous bases, and cement and lime were used for the admix­
tures. Again 2, 4, and 6-inch depths were used. The road 
was last surveyed on January 9, 1931, so that its age was 5 
years, 3 months, at that time.
The following table gives the facts as shown at that date. 
Observe that the lime-clay admixtures are the best, with stone 
subbases second in order. All of the treated sections are 
slightly better than the untreated sections, but there are no 










2" No. 4 Stone.................................. 200 155 0.775 84.9
4" No. 4 Stone.................................. 180 162 0.900 98.6
6" No. 4 Stone.................................. 200 162 0.810 88.7
Total Stone....................................... 580 479 0.826 90.5
2" Gravel........................................... 200 189 0.945 103.5
4" Gravel........................................... 220 198 0.900 98.6
6" Gravel........................................... 200 173 0.865 94.7
Total Gravel..................................... 620 560 0.903 98.9
2" Lime-Clay.................................... 200 141 0.705 77.2
4" Lime-Clay.................................... 200 189 0.945 103.5
6" Lime-Clay.................................... 100 62 0.620 67.9
Total Lime-Clay.............................. 500 392 0.784 85.9
2" Cem.-Clay.................................... 200 169 0.845 92.5
4" Cem.-Clay.................................... 200 182 0.910 99.5
6" Cem.-Clay..................................... 200 162 0.810 88.7
Total Cem.-Clay.............................. 600 513 0.855 93.6
S u m m a r y

























The Worst 2" Gravel...................... 200 189 0.945 103.5
The Worst 4r/ Lime-Clay. 200 189 0.945 103.5
Tile at Side....................................... 400 332 0.830 90.9
STATE ROUTE NO. 14
The third project was chosen on State Route No. 14 a 
short distance southeast of Deerfield, in Portage County. This 
is an 18-foot concrete road with a center-line joint and cross 
joints every 40 feet. The soil is a silty-clay soil lighter than 
the soil in either of the first two projects. The road was con­
structed in September, 1928, and the last survey was made on
November 2, 1933. The age in service is, therefore 5 years 
and 1 month. All sections in this project are 200 feet long. 
Eleven treated sections were constructed. Slag, gravel, stone, 
and cinders were used as materials for the porous bases—no 
admixtures were used. Again, 2, 4, and 6-inch depths were 










2" Gran. Slag.................................... 200 135 0.675 102.3
4" Gran. Slag.................................... 200 135 0.675 102.3
6" Gran. Slag.................................... 200 81 0.405 61.4
6" No. 34 Slag................................... 120 108 0.900 136.7
Total Slag.......................................... 720 459 0.637 96.5
2" No. 4 Stone.................................. 200 112 0.560 84.8
4" No. 4 Stone.................................. 200 74 0.370 56.1
Total Stone....................................... 400 186 0.465 70.5
2" No. 46 Gravel.............................. 200 126 0.630 95.5
4" No. 46 Gravel.............................. 200 93 0.465 70.5
Total Gravel..................................... 400 219 0.547 82.9
2" Hard Cinders.............................. 200 144 0.720 109.1
4" Hard Cinders.............................. 200 126 0.630 95.5
6" Hard Cinders.............................. 80 54 0.675 102.3
Total Cinders................................... 480 324 0.675 102.3
S u m m a r y
Best 4 "  No. 4 Stone........................ 200 74 0.370 56.1
2nd6 "  Gran. Slag.............................. 200 81 0.405 61.4
All Stone............................................ 400 186 0.465 70.5
All Gravel.......................................... 400 219 0.547 82.9
All Treatment.................................. 2,000 1,188 0.594 90.0
All Slag.............................................. 720 459 0.637 96.5
All Untreated................................... 1,340 883 0.660 100.0
All Cinders........................................ 480 324 0.675 102.3
Worst 6" No. 34 Slag..................... 120 108 0.900 136.7
A study of the results from these three projects shows that 
there is no marked advantage of one depth of porous base over 
another. At least, first one and then the other depth seems 
to be best or worst. Counting up the firsts, that is the bests, 
there are 7 bests for 6-inch bases out of 10 cases. There are 
6 worsts out of 10 for the 4-inch bases, and 6 seconds out of 
10 for the 2-inch bases. This would seem to prove that 6-inch 
bases were best and 2-inch bases next best in protecting the 
pavement. There is so little difference in the results that it 
may be better to say that base thickness has less to do with 
results than other factors such as workmanship, soil, and 
accidentals.
One phase of this investigation has brought out rather 
forcibly the fact that slabs 40 feet long are too long to main­
tain their integrity. This was the first project upon a pave­
ment having center-line and regular transverse joints. The 
total number of slabs under observation was 166. Of this 
number but 5 remain free from cracks. One hundred two 
have 1 transverse crack, 56 have 2 transverse cracks, and 3 
have 3 transverse cracks entirely across them. This would 
seem to prove that a slab length of 40 feet is excessive.
STATE ROUTE NO. 2— JERUSALEM ROAD, LUCAS COUNTY
The fourth project was constructed upon State Route No. 2, 
just east of the east city limits of Toledo, Ohio. This is a 
20-foot concrete road having a center-line joint and cross 
joints every 60 feet. It was laid upon a very heavy, yellow 
clay-silt soil that carries a large colloidal content, and has a 
large “volumetric change” factor. Eleven treated sections 
were constructed. Slag, stone, and cold tar were used. The 
porous bases were again constructed 2,and 4 inches thick, with 
one slag section built 6 inches thick. The cold tar was spread 
as a waterproofing layer upon the prepared and rolled sub­
grade.
This project was constructed in September, 1929. The last 
survey was made in June, 1933, making the age under observa­
tion to be 3 years, 9 months.









2" No. 7 Slag.................................... 180 18 0.100 21.5
4" No. 7 Slag.................................... 180 12 0.067 14.4
6" No. 7 Slag.................................... 180 33 0.183 39.4
2" No. 46 Slag................................... 180 41 0.228 49.1
4" No. 46 Slag................................... 180 30 0.167 36.0
4" No. 34 Slag................................... 180 20 0.111 24.0
Total Slag......................................... 1,080 154 0.143 30.8
2" No. 7 Stone.................................. 180 32 0.178 38.4
4" No. 7 Stone.................................. 180 105 0.583 125.7
3" No. 46 Stone................................ 180 72 0.400 86.2
4" No. 34 Stone................................ 180 32 0.178 38.4
Total Stone....................................... 720 241 0.334 72.0
0.5 Gal. Cold Tar.............................. 360 104 0.289 62.3
S u m m a r y






























Worst 4" No. 7 Stone...................... 180 105 0.583 125.6
It is to be noted that again slag shows up to the best ad­
vantage, with the results from the total length of treatments 
amounting to only 49.8 per cent as much crackage as in the un­
treated sections. Each year the class of design and work­
manship upon concrete pavements has been improving. That, 
with the fact that the period of service on this project is short, 
is evidenced by the fewer number of cracks and larger num­
ber of clear slabs found. There is a total of 106 slabs under 
observation here; 33 slabs have no cracks, 42 slabs have 1 
transverse crack, 17 have 2 transverse cracks, and 1 has 3
transverse cracks entirely across. Thirteen more slabs have 
some form of crack in evidence. Considering the limited 
period under observation upon this pavement, evidence points 
strongly to the fact that 60-foot slabs are altog*ether too long*.
U. S. ROUTE NO. 20— WILLIAMS COUNTY
Project No. 5 was constructed upon U. S. No. 20 in Wil­
liams County, about 2 miles west of Alvordton. It is on a 
20-foot concrete road with a center-line joint and with cross 
joints 40 feet apart. The soil is a yellow, silty-clay carrying 
from 24 to 35 per cent of colloidal material. The “volumetric 
change” is high in this soil. The road was built in June, 1930, 
and the last survey made on November 1, 1933. The age in 
service, therefore, is 3 years, 4 months.
Sixteen sections, all but two of them 300 feet in length, 
were constructed. The porous subbases were of various sizes 
of slag and stone and all were made 4 inches in thickness. The 
chemicals and other materials used were: waste lime used in 
purifying beet sugar, used crankcase oil, cold tar, kerosene, 
calcium chloride, hydrated lime, and limestone dust. In the 
use of these latter materials, the subgrade was brought to 
true grade, then scarified thoroughly for about 3 inches in 
depth, the treatment applied and mixed by running a disc har­
row over the subgrade several times.










4" No. 7 Slag... 
4" No. 46 Slag.. 
4" No. 46 Slag. . 

















260 lbs. per sq. yd. 
232 lbs. per sq. yd. 
281 lbs. per sq. yd. 
304 lbs. per sq. yd.
Total Slag......... 1,075 360 0.335 67.1
4" No. 7 Stone.. 
4" No. 4x Stone . 
4" No. 46 Stone . 

















409 lbs. per sq. yd. 
373 lbs. per sq. yd. 
336 lbs. per sq. yd.
















11.125 lbs. per sq. yd. 
6 lbs. per sq. yd.
36 lbs. per sq. yd.
Total Lime 


























0.525 gal. per sq. yd. 
0.525 gal. per sq. yd. 
0.525 gal. per sq. yd. 
0.525 gal. per sq. yd. 
2.1 lbs. per sq. yd.
Total Oil, etc.. . 1,500 694 0.463 92.7
S u m m a r y


























All Stone........... 925 505 0.546 109.4
All Lime
Material......... 900 632 0.702 140.7
Worst 4" No. 34
Stone............... 25 30 1.200 240.5
Note: T wo of the untreated sections were worse than the average of un­
treated, while 9 out of the 16 treated sections were worse than average of 
untreated.
The No. 46 slag section is the best with only 20 feet of 
crack in 275 feet of length, or a ratio of 0.073, which is 14.6 
per cent of a similar length of untreated section. The length 
of cracks upon this project is very large for the length of serv­
ice the road has seen. There seem to be but two causes for 
this condition: one is that the slab length of 40 feet is too 
great, and the second is that the soil is a heavy clay and carries 
a large percentage of colloidal matter.
The total number of slabs on the project is 346, of which 
8 are very short, and 9 more less than 22 feet long. There are 
68 clear slabs without any cracks— 17 of these are from 6.4 
feet to 21.2 feet long; 18 slabs have but 1 small crack each; 
13 slabs have many small construction cracks in them; 224 
slabs have 1 transverse crack; 33 have 2 transverse cracks. 
Ten of the slabs having many small cracks have been counted 
twice, being included in the 257 slabs having transverse cracks. 
When any concrete pavement less than 4 years in service can 
show only 68 clear slabs out of 346 slabs, there is some trouble 
that should be investigated and eliminated from future con­
struction.
Of the clear slabs, 43 occur on the treated sections; 10 of 
these slabs range from 8.6 to 21.2 feet long. On the untreated 
sections, 25 slabs occur, 7 of which range from 6.4 to 20.8 
feet in length. The 17 short slabs undoubtedly saved several 
cracks.
U. S. NO. 22— GUERNSEY COUNTY
Project No. 6 was constructed on U. S. No. 22 about 16 
miles northeast of Cambridge, Ohio. It is situated upon a 
clayey-silt soil with a moderate amount of colloidal material 
in it. The road is a 20-foot concrete pavement with center- 
line joint and cross joints every 40 feet. The road was con­
structed in July, 1930. The last survey was made on Novem­
ber 8, 1933, making the service age of this project 3 years, 3 
months. Practically all the sections were 300 feet in length. 
Eleven treated sections were constructed. Slag and stone were 
used as usual for the porous sections. Hydrated lime, lime­
stone dust, kerosene, cold tar, and crude oil were used for the 










4" No. 7 Slag. . . 300 40 0.133 74.7 420 lbs. per sq. yd.
2" No. 7 Slag. . . 300 00 0.0 0.0 237 lbs. per sq. yd.
Admixture
4" Gran. Slag... 50 00 0.0 0.0 Very Wet
4" No. 46 Slag... 250 00 0.0 0.0 Mixed with 2" of
Gran. Slag
3" No. 46 Slag... 270 40 0.148 83.1
Total Slag......... 1,170 80 0.068 38.2
Limestone Dust. 300 20 0.067 37.6 8L* lbs. per yard
Hydr. Lime....... 300 20 0.067 37.6 8 lbs. per yard
4" No. 4x Stone . 300 40 0.133 74.7
Total Lime, Etc. 900 80 0.089 50.0
Kerosene............ 300 20 0.067 37.6 .412 gal. per sq. yd.
Cold Tar............ 300 40 0.133 74.7 .412 gal. per sq. yd.
Crude Oil........... 300 60 0.200 112.4 .458 gal. per sq. yd.
Total Oils. 900 120 0.133 74.7
S u m m a r y
Best 2" No. 7 and 
4" Gran. Slag 
and 4" No. 46
Slag 600 00 0.0 0.0
Lime and Lime­
stone Dust__ 600 40 0.067 37.6
All Slag. . 1,170 80 0.068 38.2
All Lime 
Material 900 80 0.089 50.0
All Oils 900 120 0.133 74.7
All Treated 2,970 280 0.094 52.8
All Untreated.. 2,660 473 0.178 100.0
Worst Crude Oil 300 60 0.200 112.4
Since the road has had such a short service period, the 
length of cracks is small. As has been the case in previous 
projects, for the first few years, the untreated sections show 
greater cracking activity than do the treated sections.
There are a total of 276 slabs on this project. Two hun­
dred fifteen slabs are clear of cracks, 14 of them being quite 
short; 56 slabs have 1 transverse crack, and 5 slabs have 2 
transverse cracks.
STATE ROUTE NO. 2— OTTAWA COUNTY
The seventh and last project to be discussed here was con­
structed upon State Route No. 2 about 1 or 2 miles west of 
Camp Perry, Ohio. It is a 20-foot concrete pavement with 
bar edges, having a 3-inch-depth center-line joint, and 3-inch- 
depth cross joints at 40-foot intervals. It is built upon the 
usual silty-clay soil with heavy colloidal content which lies 
adjacent to Lake Erie from Port Clinton to the western por­
tion of the State. The sections were all 300 feet in length. 
Fourteen sections were constructed. Porous subbases, 4 inches 
in depth, were constructed of slag and broken stone. Cold 
tar, crude oil, hydrated lime, portland cement, calcium chlor­
ide, sodium carbonate and sodium silicate were used in the 
surface treatments. The treatments were all constructed by 
scarifying the subgrade 3 or 4 inches in depth, applying the 
treatment, and then thoroughly disc-harrowing the mixture 
into the soil.
The road was constructed in August, 1931. The last sur­
vey was made on November 2, 1933, so that the service period 
has only been 2 years and 3 months. This is too short a period 
from which to obtain any particularly valuable information— 
yet in this particular case an important fact cropped out in 
bold relief. No real new cracks have appeared, but large num­
bers of small construction cracks showed up soon after con­
struction. Three hundred twenty-nine of these small cracks 
varying in length from 3 or 4 inches up to 3 or 4 feet in length, 
and a few extended by contact with each other to 8 or 10 feet 
in length, occurred upon 54 slabs. When the survey was com­
pleted, it was found that 53 out of the 54 slabs carrying these 
small cracks occurred upon the sections of untreated road set 
aside for checking purposes and only one slab with one 3-foot 
crack occurred upon any of the treated sections.
The conclusion to be drawn is rather obvious: the silty- 
clay soil had a much higher capillarity than did the green 
concrete and withdrew from the concrete a part of the water 
needed for the setting and hardening process. The porous 
subbases insulated the green concrete from the subgrade soil 
and the capillarity of the green concrete was sufficient to re­
tain the needed water.
In the case of the sections upon chemical and oil treated
bases the following suggestions are advanced for explanation 
of the effects. The subgrade generaly was sprinkled with 
water before green concrete was laid, but this sprinkling was 
more or less perfunctorily carried out. In cases of the treated 
sections, because the subgrade had been disturbed in carry­
ing out the treatment, it was probably sprayed more thoroughly 
than the rest of the work. Again, because of the scarified 
loosening of the subgrade, it is quite probable that the rolling 
compacted the top layer of the subgrade more than upon the 
remainder of the untreated sections, and that the compressed 
pores carried away water so slowly that setting took place be­
fore loss of water could affect it.
TABLE VII
Subbase Length Crack Length Crack Ratio Remarks
Untreated............... 300 0 0.0 14 slabs
Crude Oil................. 300 0 0.0 16 slabs
Cold Tar................. 300 0 0.0 16 slabs
Untreated................ 1,000 49 slabs— 10 of them with many small cracks
Hydr. Lime............. 300 0 0.0 16 slabs
Portland Cement... 300 0 0.0 14 slabs
Untreated................ 1,000 41 slabs—9 of them have many small cracks
4" No. 7 Slag.......... 300 0 0.0 16 slabs
4" No. 4 Slag.......... 300 0 0.0 16 slabs
4" No. 46 Slag........ 300 0 0.0 16 slabs
Untreated................ 300 14 slabs—10 have many small cracks
4" No. 7 Stone........ 300 0 0.0 14 slabs
4" No. 4 Stone........ 300 0 0.0 15 slabs
4" No. 46 Stone . . . . 300 0 0.0 14 slabs
Untreated................ 300 16 slabs—10 of them have many small cracks
Untreated................ 300 14 slabs—3 of them have many small cracks
CaCl2........................ 300 0 0.0 14 slabs— 1 
has 1 3-ft. 
crack
Na2C 03..................... 300 0 0.0 16 slabs
Na2Si03.................... 300 0 0.0 14 slabs
Untreated................ 300 20 slabs— 12 have many small cracks
N ote: There are 374 slabs on this project. Fifty-three slabs on the untreated 
sections have 329 small cracks in them. Only one slab on a treated section 
has 1 small crack.
SUMMATION OF EXPERIMENTAL WORK
Now for an accounting of what these experiments show. 
It is understood, without doubt, that it was not the intention 
to develop a treatment beneath pavements for all soils and all
road construction, but for those stretches of pavement which 
may fall upon unusually bad soil conditions. No attempt has 
been made to date to keep a record of what the treatments 
cost or how much in dollars and cents value they would save 
if successful. The first intent was to find whether any treat­
ments would improve soil conditions under normal drainage 
conditions, and which method and material would give best 
results.
As mentioned before, the time in service should have 
weight in judging results. Those materials having the largest 
amount of use, measured in this case by the linear amount in 
service, should have some weight, for the larger use would 
tend to even up the accidentals which always occur in such 
experiments. Methods of designs used in construction should 
also be considered. To illustrate, the use of 60-foot slabs as in 
State Route No. 2, at Toledo, should be considered as probably 
causing more cracks to appear than would otherwise occur. 
From this discussion it will be noted that any tabular pres­
entation of the data collected will not tell the whole story. If 
each project is analyzed separately, probably the truest con­
clusions may be reached. For instance, when the sections in 
Route U. S. 50 are compared between themselves, but four 
sections out of 19 show greater crack-ratio than do the un­
treated sections. These are the 6-inch gravel, the 2-inch and 
4-inch sand, and the 4-inch cement-clay sections. It is true 
that other sections of sand, gravel, and cement-clay approach 
the untreated sections in length of cracks—but still they show 
some improvement.
Upon Route No. 14, one section of slag is excellent while 
three are very poor. On Route No. 2 at Toledo all slag sec­
tions are very good. On U. S. No. 22 the slag sections are 
all good. On No. 20 in Williams County two slag sections are 
good and two bad. This demonstrates that 20 slag sections 
show fine results and 5 show poor results.
Stone bases are good in four out of five projects. Gravel 
is only fair in two out of three projects.
The cement-clay admixtures are so near like the original 
soil that the results from them may be one way or the other. 
They would appear to furnish little if any improvement over 
untreated subgrades.
Kerosene shows good results in one place and bad in the 
other. Cold tar gives good results in two places and fair in 
the third. Cinders are of no value in the one place they 
were used.
Because mass evidence when averaged up does carry 
weight, although some of the evidence may be counter to the 
average, Tables 8, 9, and 10 are presented here.
Tables 8 and 10 present the results for each material and 
for the untreated sections collected from each project. If the
tables are carefully studied, it will be seen that all treatments 
on some projects give very much better results than upon some 
other project. This may be due to soil, drainage, frost, or 
workmanship during construction, or to all of these elements 
combined. In Table 9 is presented a summary and comparison 
of each material. Each treatment with its crack ratio is com­
pared with the crack ratio of the total untreated length of 
road observed, assumed as base 100. The relation is expressed 
in percentage of the crack ratio of the untreated sections. This 
table shows that cold tar, oils, slags, crushed stone, lime-clay 
admixtures, and some various treatments all show better re­
sults than the untreated sections. Gravel and sand porous 
bases and cement-clay admixture are worse than no treatment. 
Excepting those last three materials, the average of the re­
sults of the remaining materials represents 57.4 per cent of 
the cracking in the untreated sections.
Note that there is a large difference in results upon the un­
treated sections as shown in Table 10.
TABLE VIII







50 Slag........................................... 4941 3511 0.734 101.2
14 Slag........................................... 720 459 0.637 87.9
2-Lucas Slag........................................... 1,080 154 0.142 19.6
20 Slag........................................... 1,075 360 0.335 46.2
22 Slag........................................... 1,170 80 0.068 9.4
Total Slag............................... 4,539 1,404 0.309 42.6
32 Stone........................................ 980 796 0.812 112.0
14 Stone........................................ 400 186 0.465 64.1
2-Lucas Stone........................................ 720 241 0.334 46.1
20 Stone........................................ 1,225 747 0.610 84.1
22 Stone........................................ 600 60 0.100 10.8
Total Stone............................ 3,925 2,030 0.517 71.3
32 Lime-Clay............................... 500 392 0.784 108.1
20 Lime-Clay............................... 300 278 0.927 127.9
22 Lime-Clay............................... 300 20 0.067 9.2
Total Lime-Clay................... 1,100 690 0.627 86.5
TABLE VIII—Continued







50 Cem.-Clay............................... 502 745 1.683 232.1
32 Cem.-Clay............................... 600 513 0.855 117.9
Total Cem.-Clay................... 1,102 1,258 1.141 157.4
50 Gravel...................................... 505 682 1.349 186.1
32 Gravel...................................... 620 560 0.903 124.5
14 Gravel...................................... 400 219 0.547 75.4
Total Gravel.......................... 1,525 1,461 0.957 132.0
2-Lucas Cold Tar................................. 360 104 0.289 39.9
20 Cold Tar................................. 300 125 0.417 57.5
22 Cold Tar................................. 300 40 0.133 18.3
Total Cold Tar..................... 960 269 0.280 38.6
20 Oils........................................... 1,200 525 0.437 60.3
22 Oils........................................... 900 120 0.133 18.3
Total Oils............................... 2,100 645 0.307 42.3
50 Sand......................................... 1,285 1,636 1.273 175.6
32 4" Tile...................................... 400 332 0.830 114.5
14 Hard Cinders......................... 480 324 0.675 93.1
20 Beet Lime............................... 300 112 0.373 51.4
20 CaCl2........................................ 300 169 0.563 77.6
22 Stone Dust............................. 300 20 0.067 9.2
20 Stone Dust............................. 300 242 0.807 111.3
Various.................................... 2,080 1,199 0.576 79.4
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TABLE IX







Cold Tar............................. 960 269 0.280 38.6
Oils....................................... 2,100 645 0.307 42.3
Slags..................................... 4,539 1,404 0.309 42.6
Stones.................................. 3,925 2,030 0.517 71.3
Various................................ 2,080 1,199 0.576 79.4
Lime-Clay........................... 1,100 690 0.627 86.5
LTntreated........................... 11,597 8,406 0.725 100.0
Gravel.................................. 1,525 1,461 0.957 132.0
Cem.-Clay.......................... 1,102 1,258 1.141 157.4
Sand...................................... 1,285 1,636 1.273 175.6
All Treated Except 3 ....... 15,004 6,237 0.416 57.4
All Treated......................... 18,616 10,592 0.569 78.5
All Untreated.................... 11,597 8,406 0.725 100.0
TABLE X








50 Untreated......... 2,087 3,436 1.647 227.1
32 Untreated......... 2,430 2,218 0.913 126.0
14 Untreated......... 1,340 883 0.660 91.0
2-Lucas Untreated......... 860 399 0.464 64.0
22 Untreated......... 2,660 473 0.178 24.5
20 Untreated......... 2,220 997 0.499 68.8
Total................. 11,597 8,406 0.725 100.0
There is not a sufficient length of time in the treatment 
with chemicals, oils, and admixtures, generally, nor a sufficient 
length of treated subbase to make it safe to draw anything 
but the most tentative conclusions at this time. When all of 
these projects have been under service for ten years, all treat­
ments may then be compared upon an equal time basis and 
more definite conclusions drawn.
CONCLUSIONS
1. For very bad soil and drainage conditions, or where 
past evidence indicates frost heave, 3- or 4-inch porous sub­
bases of slag or crushed stone will greatly improve the condi­
tion. These bases must always be carefully drained.
2. The length of slab or the distance between transverse 
joints is very important. The results of the crack surveys on 
these projects indicate that transverse joints should be spaced 
every 30 feet, certainly not to exceed 35 feet apart.
3. Clean sand is so mobile under pressure that its use as 
a porous subbase is impracticable. A half-and-half mixture 
of sand with the subbase soil for a depth of 3 or 4 inches may 
work out more satisfactorily.
4. Cement admixtures with the subbase soil within the 
economic range of its use have not proved of any value.
5. The use of any admixtures with heavy clay soils dur­
ing wet seasons is almost impossible because of the cohesive­
ness of the clay. It should be discouraged.
6. Cinders as a porous subbase for concrete proved worse 
than useless. There is also danger from their use— for in 
wet seasons the sulphur in them may damage the concrete.
7. The results from using different depths of porous sub­
bases seemed to indicate that depth of material beyond 3 or 4 
inches is not important.
8. From the last column in Table No. 8, it may be seen 
that but six different sections out of 30 failed to show better 
results than were shown by the untreated sections in the same 
project.
9. Summing up the results from the use of each of the 
different materials used in these experimental tests, it is seen 
in Table No. 9 that all but three— gravel, sand, and the cement- 
clay admixtures— gave better results than were secured from 
the untreated sections.
RESURFACING STREETS AND HIGHWAYS
By John S. Crandell, Department of Highway Engineering, 
University of Illinois, Urbana, Illinois
Did you ever look at the rug in your living room and think, 
“ That rug is about worn out—we’d better get another” ? Then, 
after due cogitation, comparison of different makes and de­
signs, thoughts about colors, and guesses at the probable life, 
you buy a rug. Do you tear up the floor and put down a new 
one? You do not. You may polish the old floor and wax it, 
but you put the rug down and know that the floor itself will 
never wear out, because the rug will take all the wear. And
